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RECORDING SHEET 

'\y< ^ 

BACKGROUND OF THE INVENTION ^ ^' 



1. Field of the Invention 

h This invention relates to a recording sheet for use in, 

fur example/ recording with an ink and/ more particularly, to 
a recording sheet for use in an ink jet printer. 

2. Description ot the Related Art 

Ao an output printer for a computer or a word processor/ 
3 10 thp.rp havfi .so far been vised printers of various systems such 
0 as wire dot recordixig system/ thermal culuL-rurmiiJig recordinq 

n system, thermal melt transfer recording system, thermal 

h sublimation transfer recording system, electrophotographic 

recording eye tern or ink jet recording system. 
S 15 Of theses sysr.p.Ttis, ink jet recording system has excellent 

advantages. For example/ it permits to use woudliee paper as 
a recording sheet and, in comparison with other recording systems , 
it forms printed products with less cost, generates less noise 
upon printing, uses a smaller printing apparatus/ and forms 
2U printed products at a higher speed. Thus, in recent years the 
ink jet jLeuuidiny sysLeiu has found rapidly Increasing 
applications . 

As recording sheets to be used for thp. ink jet recording 
system, various recuxdiny sheeLs have been proposed. 
25 Sign 110 in Fig- 9A shows one example of a recording sheet 
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to be used for the ink jet recording system. 

This recording sheet 110 has a transparent substrate 111, 
an ink-recording layer 112 formed on the surface of the substrate 
111/ and an ink-pcrmcablc layer 113 formed on the surface of 
b the. ink- recording layer 11?. 

In cunducLiuy ink jet recording on the recordinq sheet 110, 
an ink 114 is ejected toward the surface of the ink-pcrmcablc 
layer 113 through nozzles ot the ink jet printer. (Fig. 9A) 

To the ink-pcrmcablc layer 113 of the recording sheet 110 
10 is genera!.! y addfid an inorganic or organic filler, etc. The 
filler particles dispersed in a resin used as <± binder in Lhe 
ink-permeable layer 113 form gaps between them/ thus forming 
a porous sLrucLure within the ink-permeable layer 113. 

The ink 114 deposited on the surface of the ink permeable 
15 layer 113 passp.5? r.hrongh the volets ot this porous structure 
to the interior of the ink-permeable layer 113. 

The ink 114 permeating to the interior of the ink-pcrmcablc 
layer 113 further miqrates In Lhe depthwise direction and, when 
reaching the ink- receiving layer, is absorbed by the 
ZU ink-receiving laypr 112. 

The ink absorbed in Lhe ink- receiving layer 112 is observed 
as dots 117 from the ink-receiving layer 112-free side of the 
transparent substrate 111, an aggregate nf these dots 117 being 
viewed as a printed iuiaye (Fiy. 9B) . 
25 In recent years, such recording sheet 110 has been popularly 
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used for overhead projectors or advertisement of electric 
Hfir.orati on . 

In addition, as is described In JP-A- 62-28 0068, addition 
of a surfactant to the ink-pcrmcablc layer 113 serves to more 
5 improve ink permfiahi 1 1 ty nf b dye ink using a dye as a colorant. 

However, as it* different from dyes existinq in a dissolved 
state in an ink, pigments used as a colorant in an ink cxict 
as particles and difficultly permeate into the i nk-pfirmpsabl e 
layer 113, thus being etayed within the ink- permeable layer. 
10 As a result, quantity nf the colorant to be absorbed by 

the ink receiving layer 112 is decreased, leading to n decrease 
in print density of an image (reflected image) viewed from tho 
side of Ihe surface of substrate 111. 

This recording sheet 110 contains a hydrophobic organic 
15 Tiller in the ink-permeabl ft layar vim. However, such organic 
fillers are generally more expensive than inorganic fillers, 
and lead to an increase in the cost of producing tho whole 
recurdixiy sheeL 110. 

Although it may be easily devised to use inexpensive silica 
20 in place ot the expensive hydrophobic organic fillers, silica 
surface is covered with hydrophilic qroups such as sllanol group 
and therefore has an affinity for an aqueous ink. Hence, an 
aqueous ink generally used tor ink jet prinfprs permeates not 
only in & depthwise direction buL in a level direction as well 
25 within the ink-permeable layer 113, thus diffusing within the 
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ink permeable layer 113- 

Widf> di f fusion of inks causes mixing of different inks 114 
wiLh each other within the Ink-permeable layer 113 and/ as a 
result, dots 117 of the printed image overlap each other, the 
b overlapped port i otis bfti ng vi «wed ashandingof the printed image . 

SUMMARY OF THE INVENTION 
The present invention has been made for solving the problem 
with the related art and provides an art ot producing a record i ng 
sheet which scarcely produces banding in printed images . 
O io The recording shp.p.t nf a first aspect of the present 

10 invention comprises: an ink-receiving layer capable ul holding 

in an ink; and an ink-permeable layer provided on the surface 

jh o£ Lhe ink-receiving layer and permeating the ink therethrough 

to transport the ink to the ink-receiving layer, wherein the 
■~ 15 ink-permeable layer r.ompri sas a surfactant having an HLB value 

s z : 
-. r - 

of 0 or less. 

O BRIEF DESCRIPTION OF THE DRAWINGS 

Fiys* 1A Lo lc are diaqraius showing the steps of the 
invention. 

20 j!*ig. 2 is a diagram Illustrating the state of dots using 

yellow inks. 

Fig, 3 is a diagram illustrating the state of dote using 
cyan inks. 

Fig. 4 is a diagram illustx citing Lhe sLaLe of dots using 
25 magenta inks. 
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Fig. 5 i3 a diagram showing one example of printed image 
with banding. 

Fig . 6 is * diagram showing another example of printed image 
with banding. 

5 Fig. 7 is a diagram illustrating the* statsof an image printed 

on the recording sheet of the inveiiliun. 

Fig. 8 is a diagram illustrating the state of filler particle 
surface. 

Fig.SA and 9B are diagrams illuctrating a recording sheet 
10 of the related an. 

in thcoc figures, numeral 10 designates a recording sheeL; 
11 a substrate; 1? an ink-receiving layer; and 13 an 
ink-permeable layer . 

DETAILED DESCRIPTION OF THE INVENTION 
15 Firstly/ HLB value of a surf ar.rant/ employed as a 

constituent of the invention, is described below. 

Surfactants are substances which have both hydrophilicity 
and lipophilicily (uleophilicitv) and, in order no 
quantitatively show the relation between the lipophilicity and 
20 the hydrophilicity, a value called HT.R (Hydrophilic-Lipophilic 
Balance) is generally used. 

HLB values of surfactants are determined empirically from 
the results of many emulsif ication experiments, and are known 
to almost coincide with the values obtained by calculation based 
'Ah rm chemical structure of the surf actants . 
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There are various methods for calculatiny HLB values Irom 
chemical structure. Of those methods, a formula for 
calculating HLB value employed in the invention and group numbers 
of typical hydrophilic groups and lipophilic groups to be used 
b in the formu la art* shown by the following formula (1) and Table 
1/ resptsuLi vely . 



HLB *= 7 +L' (group number ot hy drop hi I i r. group) (group 
number of lipophilic group) (1) 

5 10 

W Table 1 



Group numbers of hydrophilic groups and lipophilic groupo 









Group Number 




hydrophilic Group 


Ester (sorhi 1".an ring) 


6.8 






aster 


2.4 






-COOH 


2.1 






-OH 


1.9 






-o- 


1.3 






-OH (sorbitan iiiiy) 


0.5 




Lipophilic group 


-CH- 








CII2- 


-0.475 






-CH 3 








-CH- 






Derived group 


(CH a - CH 3 0) 


0.33 






CII 3 
I 


-0.15 






(CHa-CHaO) 





From the abovft formula (*l ) , it is seen that the HLB value 
15 demonstrates additivity u£ Uie various group numbers In 
stoichiometric meaning, and hence, the more the number of 
lipophilic groups showing a group number of minus value, the 
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smaller the IILD value. On the contrary, the more the number 
nt hyrlrnphilir groups, the more the HLB value . 

Table 2 below shows HLB values of surfactants suited for 
dispersing various oils in water (HLB valucc required for 
5 dispersing the oils) . 

Table 2 

HLB values required for dispersing oils 





Required HLB 


Cotton seed oil 


7.5 


Carbon tetrachloride 


9 


Paraffin wax 


9 


MicrocrysLalline wax 


9.5 


Mineral oil (light) 


10 


Mineral oil (heavy) 


10*5 


Silicone oil 


10.5 


Kcrocinc 


12-5 


Cetyl alcohol 


13 


Naphtha 


13 


Bees wax 


10 to 16 


rarnanba wax 


14. 5 


Anhydrous lanolin 


15 


Dimethyl phthalate. 


15 


o - Pheny lpheno 1 


IS. 5 


SLearic acid 


17 



As is shown in Table 2 above, surfactants having a higher 
10 HLB value are suited tor oils having a higher polarity (higher 
hydrophilicity) , whereaa surfactants having a lower HLB value 
arp siiitpd for oils having a lower polarity (higher 
lipophilicity) - Thus/ there is such Lendency that, the lower 
the HLB value, the lower the affinity for substances having 
15 a high hydrophili c.i ty . 

The inventioxa is uuusli Luted by usinq the HLB value 
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described above, and the invention described in claim 1 is a 
rprording sheet having an ink-receiving layer which can retain 
an ink, and an ink-permeable layer which is provided on the 
surface of the ink-receiving layer and which pcrmeateG the ink 
5 therethrough to thereby transport t-hp. ink to the ink-receiving 
layer, the ink-permeable layer cuulaining a surfactant of 9 
or more in the HLB value. 

The ink-permeable layer may contain an inorganic ti l le>r 
such as calcium carbonate, titanium oxide, calcium hydroxide 
^3 10 or silica. 

m A second aspect of the present invention is the xecuxdiny 

10 

iO sheet according to the first aspect, wherein the ink-permeable 

_p 

m layei. t;uiilaius> a waLer-insoluble resin. 

]** A third aspect of the prcccnt invention is the recording 

15 sheet according to r.hp spcond aspect, wherein the 
If water insoluble resin is polyester. 

I Li 

p A fourth aspect of the present invention is the recording 

sheel accordinq Lo one of the first to third aspects, wherein 
the ink-receiving layer contains a cation group-having compound 
20 as a fixing agent. 

A fifth aspect of the presenl invention is the recording 
sheet according to the fourth aspect, wherein the cation 
group-having compound is a cation group-containing resi.n, 
A sixth aspect of the present inveuLioii is Lhe recording 
25 sheet according to the fourth or fifth aspect, wherein the 

8 
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ink-receiving layer contains a hydrophilic fixing aid 
comprising a resin different from the fixing agent. 

The invention is constituted as described above, and a 
surfactant having an HLB value of 9.0 or le3G i3 added to the 
5 ink-permeable layp.r of t.hp rpenrding sheet of the invention. 

Various iriorgdiiicj fillers maybe added Lo the ink-permeable 
layer of the invention but, in view of foundation effect and 
cost, silica is preferred- 
Numeral 50 in Fig- 8 designate© filler particles comprising 
1U silica. HydrophiLir: groups such as silanol groups 52 or 
siloxane 55 are laid bare on the surface of the fillex particles 
50, and the filler particles 50 in this state show a high 
hydxuphilici Ly . 

In the invention, a surfactant having an HLB value of 9.0 
15 or more is added to the ink-pp.rmeab I e l ayer, and the silanol 
groups 52 or siloxane 55 are bound to the hydrupliilic group 
of the surfactant, thus surface of filler particles 50 being 
cu vexed wiLh the lipophilic group or the surfactant, in this 
state, hydrophilicity and water absorbing ability of the filler 
20 particles bU existing within the ink-permeable layer are 
depressed. 

Signs 20 1 to 20^ in Figs. 5 show recording checto in which 
an ink-permeable layer 16 containing the filler particles 50 
is formed on the surface ul an iuk-xeceivinq layer 22 formed 
25 on a substrate 21 comprising a resin film. 
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In these recording sheets 20 x to 20 3 , ink droplets 40 
deposit on the surface of the ink-permeable layer 23, permeate 
throuqh the ink-perraeable layer 23, and absorbed within the 
ink-receiving layer 22, thuo reaching to the backside of the 
b substrate 21. Thus, in viewing from the side of the surface 
of the iuk-pexuLeable layer or from the side of substrate 21, 
dots 25a and 25b formed by the ink remaining on the surface 
of the ink-permeable layer 23 or 26a and 26b formed by thp ink 
having reached the backoidc of the aub3trate 21 ©re viewed. 
3 io The ink-pprmpabl p 1 ayer ?3 of the recording sheet 20, shown 

0 in Fig. 5 does not contain a surfactant having an HLB value 

A of 9.0 or less and surface of the filler contained in the 

h ink-permeable layer 23 shows hydrophlliclny . Hence, the 

jS : 

deposited aqueous ink 40 difficultly permeates in the depthwise 
S 15 direction and seriously diffuses in a Lateral direction- As 
a result, dots 25a and 25b on the surface of the ink-permeable 
^ layer 23 overlap each other - 

Sign 27 in Fiq. 5 shows the portion where dots 25a and 25b 
overlay each other • Color mixing or difference in density takes 
20 place in the portion 27. Hence, when viewing the recording 
sheet 20i from Lhe substrate 21 side, streaks are viewed in 
the direction in which the head of ink jet printer runs. That 
is, when the recording sheet 20 x is irrarilafpd with light and 
viewed from the side opposite Lu Lhe liqhl-irradiatinq side 
2 5 as a transmitted image, unfavorable banding of the image is 
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viewed. 

On thP. othar hand, rhe recording sheet 20 0 in Fig. 6 shows 
the case wherein, Lhouqh diffusion in the lateral direction 
on the surface of the ink-permeable layer 23 ic decreased to 
5 some extent by combination of a rpsin constituting the 
ink-permeable layer and the filler, Lhe ink diffuses in the 
lateral direction at the interface between the substrate 21 
and the Ink-receiving layer 22 in case when quantity of tho 
ink 40 is too much for the area of the dots 25a and 25b formed 

10 in the ink-permeable layer 23 or whp.n the ink-receiving layer 
22 ha3 an insufficient ink-absorbing volume, thus the ink 
overlapping within the ink-permeable layer 23 and the 
ink-ieceivijKj layer 22 to form the overlapping portion 37 of 
the dot 2 6a and 26b at the interface between the substrate 21 

15 and the ink-receiving layer 22. 

That i3, in this recording sheet 20 2 , banding is caused 
not only in the transmitted image as described above but in 
the image Ue IlecLed imaqe) to be viewed from the 
light-irradiating side when light is irradiated toward the 

20 substrate 21, 

Sign 20 3 in Fig. 7 shows Lhe slate of a recording sheet 
of the invention after being printed, wherein an aqueous ink 
vertically permeates through the ink-permeablR laypr 23 since 
the surface of inorganic filler contained in the ink-permeable 

25 layer 23 has suitable hydrophilicity and lipophilicity . 
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Use of the ink-receiving layer 22 h*viuy a larye 
ink-absorbing volume serves to form no overlaps of the dots 
25a and 25b formed on the surface of the ink-permeable layer 
23 and no overlaps of the dote 26a and 26b formed on the interface 
h hfitwp.pn thPt substrate ?1 and the ink-receiving layer 22 as well. 
ThaL is, in this recording sheet 20 3/ no bandings were observed 
either in the transmitted image or in the reflected image. 

The invention is now described more spar.i f i ral 1 y by 
reference to Examples which, however/ are not to be construed 
10 as l1m1f.at.iVR at al 1 . 

Examples 

An embodiment of the recording sheet of the invention is 
illustrated together with its production steps using drawings. 
First/ to 4 0 parte by weight of a cation group containing 
15 resin (r.at.n on-morii f i p.ri nrtvfhane resin of "IJ60" (trade name; 
manufactured by DAINIPPON INK AND CHEMICALS/ INCORPORATED . ) 
containing 15% by weight of solids being used) were added 6 
parts by weight of a water-soluble resin of polyvinylpyrrolidone 
("Luvi3Col KDO" manufactured by BASF)/ 3 parts by weight of 
2U aluminum hydroxide ("H42"; trade name; manufactured by Showa 
Denku K.K. ) and 51 parLs by weight of ion-exchanged water, and 
the resulting mixture was stirred for 3 hours in a jar mill 
to obtain a coating solution tor t'ormi ng an i nk-receiving layer . 
Numeral 11 in Fiy. 1A designates a transparent substrate 
2 5 comprising a polyethylene terephthalatc resin (a product with 



12 



01- 6-22; 2 : 32 PM : NGB 



; 8 1 3 5 6 6 1 3 9 6 4 



rr lb/ 'iU 



a trade name of "Cosmo Shine A4100" manufactured by Toyobo Co., 
Lrd. being used here) . On the surface of this substrate 11 
was coated the cuctLiny solution for forminq an ink-receiving 
layer prepared in the above step using a bar coatcr, then dried 
5 in a hot air-circulating oven at 120 °C tor '3 minutes to form 
an ink receiving layer 12 (Fig* IB) • Here, the ink-xecei virig 
layer 1.2 was formed so that its thickness after being dried 
became 13 ynu 

Then, 14 parts by weight of cyclohcxanc woo added to 56 
2 10 parts by weight of methyl ethyl ketone to prepare* a solvent. 
9 15 parte by weight of a water- insoluble resin of polyester resin 

II (trade name:"Vylon ?00"; made by TOYOBO Co., Ltd.) was added 

C 

h to the solvent under stirriuq in a dissolver, followed by 

stirring for 2 hours to prepare a resin solution wherein the 
« 15 polyester resin was dissolved in the solve.nr.) . 
^ To this resin solution were added 15 parts by weight of 

^ an inorgani r. fi 1 1 p.r of si lica gel (tradename: "Mizukasil P527" ; 

manufactured by Mizusawa Industrial Chemicals, Ltd* ) and 2-5 
parts by weight of sorbitan trioleate (trade name: "OP 05R" ; 
20 HLB: 1, 8 manufactured by NO*' corporation) , to] I owed hy stirring 
for further 1 hour to prepare a coating suluLiun for forminq 
an ink-permeable layer. 

Then, the coating solution for forming an ink-permeable 
layer prepared in the above-described step was coaled on Lhe 
2h surf are of the ink-receiving layer 12 in a state shown in Fig. 
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IB, and the whole was dried at 120 °C for 3 minutes using a 
hot ai r-ri rr.nl ating oven to form an ink-permeable layer 13 
containing silica as an inorganic filler. 

Numeral 10 in Fig. 1C designates a recording 3heet having 
5 formed on the surface thereof thp. i nk-permeable layer 13 . Here, 
the ink-permeable layex 13 was formed so Lhat its thickness 
after being dried became 12 pm (Fig. 1C) . 

Numeral 10 in fe'ig. 1C designates a recording shpp.t whprpin 
an ink-permeable layer 13 ic formed. 
^ 10 This recording sheet. 10 was used in Example 1, in which 

a predetermined print image (wherein 8 patterns of liuiudii figures 
were in a line in a lateral direction in an A4 sise) was printed 
uxi Lhe surface of Lhe ink-permeable layer 13 of the recording 
sheet using an ink jet printer (trade name: "FJ 40"; made by 
15 Roland) loaded with a pigmp.nr. •ink to thereby prepare a test 
piece. 

"Print density" and "transmitted image banding" were 
evaluated/ respectively/ using this rest piece. 
[Print density] 

20 The thus printed image was vi sua 1 l.y observed (as reflected 

image) at a distance of 30 <jxu from Lhe recording sheet 10 from 
the side on which the ink-receiving layer 12 and the 
ink-permeable layer 13 were not tormeri on thp substrate 11. 
In this occasion/ an image wiLh a high color density is 
25 rated as "GOOD" , and an image with a low color density as "POOR" • 
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Results thus obtained are tabulated in the following Table 3. 
[Banding in transnn tted image] 

The recordinq sheet was placed on a light source of a light 
box (trade name: "Fuji Color Light Box 50000 Inverter"; made 
5 by hllji Photo Film Co./ Ltd.) with the* ink-permeable side 13 
facing downward, and an image ( L-LeinsiuilleU image) liqhLed up 
by the light box was visually checked for banding. 

visual observation was conducted changing the distance 
between the recording sheet 10 and the position of visual 
10 observation, and an image with which nr> handing was visually 
confirmed even at a distance shorter than 30 cm was rated as 
"GOOH" , and an image with which no banding was visually confirmed 
at a distance uf 30 cm or more as "POOR". Results of these 
are shown in Table 3. 

15 
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Table 3; Evaluation test 





suriactanc 


Composition 


HI.B 


Print- 
Density 


Banding of 
Transmi r.t.ftri 
Imaqe 


Ex.1 


OP-85R 


Sorbitan 
trioleate 


1 . 0 


GOOD 




Ex.2 


E-202S 


POE (2) 
oleyl ether 


4 • 9 


COOL/ 




F.x . 3 


OP-3 


POE (2) octyl 
phenyl ether 


6.0 


GOOD 




bx.4 


bC-2 


PDF. (7.) cetyl 
ether 


8 - U 


GOOD 




Ex.5 


S-2 


POE ( 2 ) 
y tearate 


8-0 


GOOD 


GOOD 


Ex. 6 


E -205S 


POE ( 5 ) 
olcyl ether 


9-0 


GOOD 


GOOD 


Ex.7 


TAMNO-5 


POE (5) 
oleyl amine 


9.0 


GOOD 


GOOD 


Com . 
EX.1 


S-4 


POE (4) 
stearate 


11.6 


GOOD 


POOR 


Com. 
Ex.2 


S-206 


pot; (6) 
Stearyl ether 


9.9 


POOK 


POOR 


Com. 
Ex.3 


E 230 


POE (30) 
oleyl ether 


16. G 


POOR 


GOOD 


Com* 
Ex. 4 


OP- 10 


toe (io) 
octyl -phenyl 
ether 


11. S 


. GOOD 


POOR 


C.nm . 
JbX.5 


none 






GOOD 


POOR 



in the above table/ POE represents polyoxyethylene, and 
numbers in the parentheses show numbers of POE per molecule 



of respective compounds _ 
5 Examples 2 to 7 

The inorganic filler used in Examplo 1 and each of the 
surfactants having an HLB or 9.0 or less shown in the above 
Table 3 were mixed with the resin solution prepared in the same 
sf.p.p as in Fvampl e 1 in the same proportions as shown in Example 
10 1/ followed by conducting the same steps as in Example 1 to 
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prepare coating solutions for forming an ink-permeable layer 

which contain Ad varying kinds of surfactants. 

In Examples 2 Lo 7 ; each of these coating solutions for 

forming an ink-permeable layer was coated on the surface of 
5 the ink-receiving layer 12 shown in Fig. 1R in the same step 

as in Example 1, then dried tu respectively form ink-permeable 

layers 13 containing varying kinds of surfactants. 

AS the varying kinds of surfactants, polyoxyftthyl Ann 

(hereinafter abbreviated ac "POE") (2) oleyl ether having an 
^5 10 hLb value ot 4.y (trade, name*: "K-202S"; manufactured by NOF 
W Corporation) was used in Example 2, POE (2) octylpheiiyl ether 

in having an HLB value of 6 (trade name: "OP-3 fr ; manufactured by 

lh Nikko. Chemicals Co*/ Ltd,.) was used in Example 3, POE (2) cetyl 

ether having an HLB value of 8 (trade name ; f, BC-2 M ; manufactured 
J~ 15 by Nlkko Chemicals Co., Ltd..) was ns«d in Example 4, POE (2) 
!H ctcarate having an HLD value of 8 (trade name: "S-2"; 

i Li 

)3 manufactured by NOF Corporation) was used in Example 5/ P0E(5) 

oleyl ether having cui HLB value of 9 (trade name: "E-205S"; 
manufactured by NOF Corporation) was used in Example G and , 
20 POE (5) oleylamine having an HLB vaIup. of 9 (trade name: 
"TJ\MN0-5"; manufactured by Nikku Chemicals Co - , Ltd. ♦ ) was used 
in Example 7 . 

These recording sheets 10 prepared in Examples 9 to 7 
were subj ected to the same steps as in Example 1 Lo form a printed 
7.5 image, thus test pieces being obtained. These test pieces were 
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subjected to the tests on "print density" and "banding of 
transmitted image*" nndpr the same conditions as in Example 1. 
Results of the evaluation are shown in Table 3. 
Comparative Examples 1 to 4 
5 The inorganic filler used in Example 1 and each of the 

surfactants having an HLB of 9.1 or mure sliuwu iu Lhe above 
Table 3 were mixed with the resin solution prepared in the same 
step as in Example 1 in the same proportions as shown in Example 
1, followed by conducting the same ctcpo ao in Example 1 to 

10 prepare coating solutions tor terming an inlc-ppsrmeable layer 
which contained varying kinds of surfactants. 

Tn Comparative Examples 1 to 4, each of these coating 
solutions for lurming an ink^permeable layer was coated on Che 
surface of the ink-receiving layer 12 chown in Fig. IB in the 

15 same step as in Example 1/ then dried tn respectively form 
ink-permeable layers 13 containing a surfactant having <m HLB 
value of 9.1 or more. 

As the surfactants having an HLB value of 9. 1 or more, POE (4} 
s tear ate having an HLB value of 11.6 (trade name: "3-4",- 

20 manufactured by JMiiCko Chemicals Co., Ltd..) was used in 
Comparative Example 1, POE (6) stearyl ether having an HLB value 
of 9.9 (trade name: "S-206"; manufactured by NOF Corporation) 
was used in comparative Example 2, FOE (30) oleyl ether having 
an HLB value of 16. 6 (trade name; "E-230"; manufactured by NOF 

75 Corporation) was used in Comparative Example 3, and POE (10) 
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octylphenyl ethei having an HLB value of 11.5 ( Irade name: 
"OP-10"; manufactured by Nikko Chemicals Co., Ltd. . ) was used 
in Comparative Example 4. 
Comparative Example 5 
5 15 parts by weight of the inorganic filler used in Example 

l was added to 70 parts by weight of "Che resin solution prepared 
in the same stop as in Example 1, followed by conducting the 
same steps as in Example* 1 to prpparp a mating solution for 
forming an ink permeable layer containing no surfactants . 
10 in Comparative Example 5, this coating solution for forming 

an ink-permeable layer was cuaLed on Lhe surface of the 
ink-receiving layer shown in Fig. IB in the some step ac in 
Example 1, then dried to rorm an ink-permeable layp.r remaining 
no surfactants. 

"I h These recording sheets 10 prepared in Comparative Examples 

1 to 5 were subjected to the same sleps at> ixi Example 1 to form 
a printed image, thus test pieces; being obtained. These test 
pieces were subjected to the tests on "print density" and 
"banding of transmitted image" under the same condiliuxxs as 

20 in F.vample 1. Results of the evaluation are shown in Table 
3. 

It was confirmed, by reference to Table 3, that no banding 
was observed in thft transmitted images formed in Examples and 
thai banding was observed in Comparative Examples 1,2,4 and 
25 5 . It was also confirmed that the recording sheets 10 of Examples 
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1 to 7 showed higher ink permeability than the recording sheets 
of Comparative Examples 1,2, 4, and 5 thus the ink vertically 
permeating through the ink-permeable layer 1 A of Examples l 
to 7. 

5 Excellent results were obtained in Examples 1 to 7 with 

respect to "print density" as well, in comparative Examples 

2 and 3/ however/ color denaity of the im&ge (reflected image) 
viewftfl from fhp side of the substrate on which side the 
ink receiving layer and the ink-permeable lay«x wexe xiuL JCorzued 

10 was low. This may be because the pigment particles used as 
colorant ulpiymenl ink have a larger particle size in comparison 
with dyes, and hence permeability of the ink uaed in Comparative 
Examples 2 and 3 was so poor rh*r pigment particles remained 
within the ink permeable layer and failed to fully reach the 

Ih interface between the ink-receiving layer and the substrate- 
Examples 8 to 15 

The same silica and the came surfactant as used in Example 
1 were added in amounts (parts by weight) rftspp.rti vel y shown 
in Table 4 to 70 parts by weight of the resin soluLion prepared 

20 under the same condition as in Example 1, followed by conducting 
Lhe same steps as in Example 1 to prepare 8 kinds ot coating 
solutions for forming an ink-permeable layer different in the 
added amount (parts by weight) of the surfactant. 

In Examples 8 to 15, each of these coating solutions tor 

2 5 forming an ink-pcrmcablc layer was coated on the surface of 
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the ink receiving layer 12 shown in Fig. IB in the same step 
a.s i n F.x^Tnpl e 1 / then dried to respectively form recording sheets 
10 as shown in Fiq. 1C. 

These recording shccte 10 were subjected to the teats on 
5 "print density" and "handing of transmitted image" under the 
same conditions as in Example 1 and, further/ on "coating 
adhesion test" shown below. 
("Coating adhesion test] 

A print cample wac printed on the surface of the recording 

1U sheet 10 under the same nonrii t*.i onsas inP.xample 1, and an adhesive 
side of a transparent adhesive tape was applied tu the prinl 
sample-printed side (ink-coated side} of the ink-pcrmcablc 
layer 13 , followed by peeling the tape. 

Ink-pcrmcablc layer 13 not undergoing peeling off at the 

15 transparent adhesivp. napp-app I i ed portion was rated as "GOOD", 
that undergoing peeling off partly (the case where while Lhe 
ink-permeable layer remained on the ink-receiving layer/ it 
dlsu allached Lo Lhe tape) rated as "FAIR", and that undergoing 
pooling off from the ink-receiving layer perfectly was rated 

20 as "i'OOR". Results of the*** evaluations are shown in the 
following Table 4 - 
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Table 4; Evaluation Tests 





Added Amount 
(parts by 
weight ) 


Print 
Density 


Banding of 
transmitted 
image 


Coating 
Adhesion 


EX. 8 


O.h 


POOR 


POOR 


GOOD 


bX. 9 


1 


FAIR 


GOOD 


GOOD 


EX. 10 




GOOD 


Goon 


GOOD 


EX. 11 


5 


GOOD 


GOOD 


GOOD 


Ex. 12 


10 


" GOOD 


GOOD 


GOOD 


EX. 13 


20 


GOOD 


GUOD 


GOOD 


Ea. 14 


30 


GOOD 


GOOD 


fcAlK 


EX. 15 


40 


FAIR 


POOR 


POOR 



As is shown in Table 4, it is conf irmpd that, in the invention, 
when the surfactant is added in an amount ul from 1 part by 
weight to 30 parts by weight, recording sheets 10 showing 
excellent printing quality and having rough image-permeable 
layer 13 are obtained. 
Examples 16 to 22 

Other examples of the recording sheet 10 of the invention 
arft dp.sr.ribed below. 

First, a resin solution was prepared using a hydrophilic 
resin different from that used in Examples 1 to 15 (i-e., a 
modified urethane resin r.rmtaining cation groups (trade name: 
"IJ50" ; made by DAINIPPON INK AND CHEMICALS, INCORPORATED . ) ) , 
which was used as a coating solution for forming an ink-receiving 
layer. 

This coating solution for forming an ink-receiving layer 
was coated in the same step on the surface of substrato 11 shown 
in Fiy. 1A, followed by drying to form an ink^permeabie layer 
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13, thus a recording sheet 10 being obtained (Example 16) . 

In addition, 6 kinds of coating solutions for forming an 
ink-receiving layer were prepared respectively using, in place 
of the modified urcthanc rcoin uccd in the above Example 16, 
h 6 kinds of resins, i . a., a modi f led polyvinyl alcohol (trade 
liduufci: "CM318",- nude by Kurarey Co., Lid. ) , an acryl copolymer 
(trad© name; "IJAP480"; made by Osaka Organic Chemical Ind. 
Co.; Ltd.), a warer-soluble polyester (tradename: "N531 77.T." ; 
made by TAKAMZVTSU OILS. FAT CO . / LTD . ) , a polyvinyl alcohol having 
3 1U a saponification dftgrpfi of 99 (trade name; "PVA117"; made by 

fcs? 

D Kurarey Co . , Ltd.), a modified polyvinyl alcohol (tradename; 

f\ "KM118" made by Kurarey Co. , Ltd-) and a water-soluble polyester 

fi dillereal from Lhe above-described water-soluble polyester 

" (trade name: NS300L"/ made by TAKZYMATSU OIL&FAT CO., LTD.) . 

^ 15 The ink-rec.eiving layer I '/ was formed on the surface of 

„ y the substrate 11 according to the above-described step usiny 

□ each of these coating solutions for forming an ink-receiving 

layer, Lhen Lhe same ink-permeable layer 13 as in Example 1 
was formed on the ink-receiving layer 12 to prepare respective 
20 recording sheets 10 (Exampl p* 17 to 99) , 

Print images were formed under Lhe same conditions as In 
Example 1 using these recording sheets 10 of Exomplco 16 to 
22 to prepare respective test pieces. 

These test pieces were used lor Lhe followinq evaluation 
25 tests on "banding of transmitted image" and "banding of reflected 
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image" - 

[Rending of transmitted image] 

Banding of transmitted image formed on each of the test 
pieces was chocked by visual observation under the same 
5 conditions as employed with respect to "banding of transmitted 
image" in Examples 1 Lu 15. 

Here, visual observation was conducted changing the 
distance between Lhe recording sheet 10 and ths position of 
visual observation, and an image with which no banding was 
ID visually confirmed fivp.n at a distance shorter than 30 cm was 
rated as "GOOD"/ an image with which banding was visually 
confirmed at a distance shorter than 30 cm but no banding wao 
visually confirmed at a distance of 30 cm to shorr.Ar rhan 1 
m was rated as "FAIR"/ and an image with which no banding was 
IS visually confirmed ar. a distance of 30 cm or more as "POOR". 
Results of these are shown in Table 5. 
[Banding of reflected image] 

Each ul Lhe print images formed on the test pieces was 
visually observed under room light from the side of the recording 
20 sheet 1U on which sidfc the ink-receiving layer 12 and the 
ink-permeable layer 13 wez/e not formed, and banding or the image 
(reflected image) was visually confirmed. Here, visual 
observation was conducted at a distance .10 cm spaced from the 
recording sheet 10. 
25 A reflected image with which no banding wao confirmed was 
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rated as "GOOD", and Ihal wilh which banding was confirmed was 
rated as "POOR" * Results thus obtained are shown in Tabic 5. 
Table 5: Resins used in ink-receiving laypr and 



evaluation testa on recording sheets 















Banding of 
reflected 


Banding of 
transmitt 










Trade Name 


component 


image 


ed image 




Ex. 


16 


Cationic 


IJ50 


Modified 
urethane 


GOOD 


GOOD 












Modi r i p.o 








Ex. 


17 


CdLiunlc 


CM318 


polyvinyl 
alcohol 


GOOD 


CiOOD 




Ex. 


18 


Cationic 


IJAP480 


Acrylic 
copolymer 


ROOD 


GOOD 




Ex. 


19 


Auivnit; 


NS122L 


Polyester 


POOR 


t'AlK 












Polyvinyl 
*].nohol 








Ex. 


20 


Nonionic 


FVA117 


(saponif ic 


POOR 


FAIR 












ation 
















degroo: 99) 
















Modified 






ft 


EX. 


21 


Anionic 


KM118 


polyvinyl 
alcohol 


POOR 


FAIR 




F.x. 


22 


Ani rmi r 


NS300L 


Polyester 


POOR 


FAIR 


S55 


com. 
6 


EX. 


Anionic: 


N5122L 


Polyester 


POOH 


POOR 



5 *In the above Table 5, Comparative Example 6 is conducted by 



adding no surfactants to the* ink-permeable layer . 



Comparative Example 6 

An iuk-receivinq layer was formed on a substrate using the 
10 same coating colution for forming an ink-receiving layei as 
used in Example 16, thp.n an ink-permeable layer was formed 
according to thw same slep as in Example 1 using the same coating 
solution for forming an ink-pcrmcablc layer as used in 
Comparative Example 5 which dl ti not contain any surfactant. 
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M 10 

I si 

m 




1 1 1 



thus a recording sheet of Comparative Example 6 being obtained. 

A print image was formed on this recording sheet under the 
samp rr>ndi f i nris as in Rxample 1 to prepare a test piece. This 
test piece was used to eoiiduul evaluation lesls on "banding 
of transmitted image" and "banding of reflected image" under 
the same conditions as in Examples 13 to 19. ftpsnl rs nf these 
evaluation tests are shown in the above Table 5 • 

Additionally, to categorize those cation group-containing 
compounds which acquire positive charge in an aqueous solution 
(polycations) as cationic resins, those anion group-containing 
compounds which acquire negative charge in an aqueous solution 
(polyanions) as anionic resins , and those which do not acquire 
ftlRr.tric charge in an aqueous solution as nonionic resins, the 
modified uxethane resin used in Example 16, Lhe modified 
polyvinyl alcohol used in Example 17 and the acrylic copolymer 
used in Example 18 are categorized as the cationic resins, the 
polyester uaed in Example 19 and the polyvinyl alcohol used 
in Example 2U are cat^gnri zpri as the nonionic resins, and the 
modified polyvinyl alcohol used in Example 21 and the polyester 
used in Example 22 are categorized as the anionic resins. 

As is apparent from the above Tabl<=> 5, Examples 16 to 18 
wherein cationic resin was used in the ink-receiviug layer 12 
showed formation of reflected images and transmitted images 
with no banding in comparison with Examples 19 tn 22 wherein 
anionic or nonionic resin was used, thus good results being 
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obtained. 

This may be attributed to that/ in Examples 16 to 18 using 
the cationir. rfisins, the* r.ationic resins function as a fixing 
agent capable of fixing the ink coloiant, thus ink 
5 colorant-fixing properties of the ink-receiving layer 12 being 
improved . 

On the other hand, in Comparative Example C in which no 
surfactants were added to the ink-permeable layer, banding was 
observed in both the reflected inidye and Llie HdUiSHiilLLeU iiuaqe. 

10 As is described above, the recording sheets having both 

lhe ink-permeable layer 13 to which the surractant of 9 or less 
in HUB value was added and the ink receiving layer 12 to which 
r.hfi rar.ionir. rp.sin was added difficultly undergo formation of 
banding within both of the ink-receiving layer 12 and Lhe 

15 ink-permeable layer 13, thus printed images with higher quality 
beiny confirmedly obtained. 

A print cample was printed on the surface of the 
ink^permeable layer 13 ot each of thp recording sheets of 
Examples l f 6/7 and Coiupai-ciLi ve Example 5 using a piqment ink- 

20 Diameter sizes of dots formed on the surface of the ink-pcrmcablc 
layer (printed surface) of each of the recording shftftts in and 
diameter sizes of dots formed on the side of the substrate 11 
on which side the ink-receiving layer 12 and the ink-permeable 
layer 13 were not formed (the side to be viewed (observed)) 

25 were measured. 
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Fig. 2 ahowa sizes of dots formed by using a yellow pigment 
ink, Fig. 3 shows sizes of dots formed by using a cyan pigment 
ink, and Fiy . 4 shows sizes of doLs formed by using a magenta 
pigment ink, with the number on the ordinate indicating the 
5 size of dot in each of Examples and Comparat.i ve F.xampl e riesori bed 
on the abscissa. 

As is apparent from the graphs shown in Figs. 2 to 4, sises 
of dots formed in Examples 1, 6 and 7 on the side no be viewed 
and on the printed side are more approximate to each other in 

10 comparison with those in Comparative Example 5. Thus, it was 
confirmed that the ink deposited on the ink-permeable layer 
13 did not diffuse within the ink-permeable layer 13 and the 
ink^receiving layer 12 buL slraighlly migrated and permeated 
in the depthwise direction. 

15 Although descriptions have so far bftp.n marie by reference 

to the caoe of U3ing polyethylene terephthalate as the substrate 
IT, the invention is not limited to this. 

As the material ul Lhe subsLrate 11/ there may be used, 
for example, polyesters ouch ac polyethylene naphthalate; 

20 polyolefins such as polyethylene and polypropylene; polyvinyl 
chloride ; polystyrene ; polyme Lhy 1 me Lhacrylate ; 

polycarbonate; transparent paper; cellulose acetate; 
polyacrylate and polyether sulfone. 

In particular, as a material for the subsLiale 11 of Lhe 

7h recording sheet for OHP, polyethylene terephthalate, hard 
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polyvinyl chloride/ polypropylene and triacetate are 
preferably used. 

Thickness of the substrate li is not particularly limited 
but, ao a general guide, it is in the range of from 50 ym to 
5 700 ]im . 

When Lhe ink-receivinq layer 12 is tough enough, It is not 
necessary to use the substrate 11, and the recording sheet 10 
may have a 2-layered structure r.ompri sing fhp i nlc-receiving 
layer 12 and the ink-permeable layer 13 formed on the surface 

3 10 thp.ranf- 

M 

B In addition, although silica was used in Lhe above Examples 

/y 

n as the inorganic filler to be added to the ink-pcrmcoblc layer 

h 13, inorganic fillers of the invention are not .limir.Ari only 

to it, and there may be uaed, for example, alumina sol/ 
t 15 p.sftUriobnp.hTni r.A sol , talc, k-aolin, clay, zinc oxide, tin oxide, 
*f : aluminum oxide, aluminum hydroxide, calcium carbonate, 

3 titanium white, barium sulfate, titanium dioxide, aluminum 

silicate, magnesium silicate, magnesium oxide, smectite, 
zeolite and diatomaceous earth. 
20 Fnrthp.r, rhe water-insoluble resin to be used in the 

ink-penueable layer 13 is not limited to polyester, and there 
may also be used, for example, polyethylene, polystyrene, 
polymethacrylate, elastomer, fifhyl en*?/ vinyl acetate copolymer, 
styrene/acxyl cupulymer, polyacryl, polyvinyl ether , polyamide^ 
2 5 polyolefin, polysilicone, guanaminc, polytctraf luoroethylene, 
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urea resin, phenoxy resin, epoxy resin and styrene/butadiene 
rubber . 

In coating the coating solution tor forming ths 
ink-permeable layer or the ink-receiving layer of the invention, 
5 not only Meyer bar or bar coater but various other coating 
apparatus such as a knife coater or a gravure coater may be 
used as well. 

The recording sheet 10 of the invention provides 
particularly excellent printing leaulLo when a piyiueiiL ink is 
« 10 used, but the invention is not limited only to this. The 
Z recordinq sheet; of the invention permits to conduct printing 

U using a dye ink as well ac a pigment ink- 

in 

fl as has bftftn riftsr.ri bAri hArp.i nbetore, the invention provides 

a recording sheet which enables to form printed images wilh 
ft 15 scarce banding and excellent color density. 
u Although the invention has been described with respect to 

*7 specific embodiments, the details are not to be construed as 

limitations, for it will become apparent that variovis 
embodiments/ changes and modifications may be resorted to 
20 without departing from the spirit and scope thereof, and it 
is understood that such equivalent embodiments are intended 
to be included within the scope of this invention. 

The entire disclosure of each and every foreign patent 
application from which the benefit of foreign priority has been 
25 claimed in the present application is incorporated herein by 
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